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(57)Abstract: 

PURPOSE: To obtain an exchange coupled film having 
an excellent exchange coupling force and corrosion 
resistance by a method wherein an antiferromagnetic 
body film is composition modulated structured. 
CONSTITUTION: The switched connection film is 
provided with antiferromagnetic body films 3, 4 in the 
composition represented by MIOO-xMnx as well as a 
ferromagnetic body film 2 lamination formed on these 
antiferromagnetic body films 3, 4 wherein M in the 
antiferromagnetic body film 3 is at least one kind of 
element selected from Fe, Co, Pd, Pt while the value of 
x: 40<x<60 near the interface of the ferromagnetic body 
film 2 side but 20<x<40 near the opposite side to the 
interface. Besides, the composition of the 
antiferromagnetic body film changes within the range of 
20<x<80 through the film thickness direction or the 
composition of antiferromagnetic body film is 
continuously changes or the composition of the 
antiferromagnetic body film changes stepwise. 
Furthermore, an electrode for current supply to at least 

the antiferromagnetic body film out of these exchange coupled films is formed on a substrate. 
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(54) ismozm &m&m%&xm%mmm? 

(57) [SKI] 

art <dx~% %m%mm&mi-o 

mm mj&&M 100 _ x Mn x -e*sn5Rai«tt# 

S»«tt*Rfc*srt4MttFe, Co, Ni, 
Pd, Pt ^PjSiitlfciJ?* <th t> > 

ffitiU »«tt#KHO|jlffiiS«K:*3V^T 40 < x=S 60 

#ffitS*MWW®jfi^(Ct5^r 20 ^ x^ 40 
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[#fFBI*©IKH] 

[ffl#Sl] ifi^ s M 100 _ x Mn x ■V$t£tlZ>fc&& 

SMERafc«tt(WltKJ8tt*Mr±Fe, Co, Ni, P 
d, PtWSIihfe'>4<itlSH4!l 1 x©I 
(4, We»*tt#iMll©||LB5ifi»K:*iV^-t 40 <x^ 60 

"WfctK «HaffBBkR»«©ffiiSfiFK*SV^T 20 ^ x 
^ 40 ■CfcarfcSrWRtrsSaiHS'frBt. 

[1***2 ] 1 B«©X*iB'frKK:*sv^-C» ffi 

EK5WWt*R«>«UK!»iO?*^*aL'T 20 ^ 8 

[ffft#£3] »**iaa«©«»IS^-RK:*iV^-C» mi 

[1***4] »*s i ejftwsaws^-RtasvNr. etr 

[f»*95] M*m*^L»#*4Bft©Vvfita» 

1 *iE«©£&*§3-Bli: , flWBSaWS^K© 5 V>* < 

[0 00 1] 

#«£©XiM^«rfllv*fc£*i|g^Rk isitf r.©£* 
[0 0 0 2] 

LTtt80 at%N i - 20 at%F e (ill* ; /<— 7P 
**irLT, g*«ftJ8SB»*ft*-*- (Co/Cu) „^ 
[0 0 0 3] Lj&»U r;ft,k©#**£ffiv\fc«^«#i;3b 
y ^ X# H/fHt© JiT?* t <b fto T*5 •> , 

tty-FeMn££#tt*J:5i£<*nfc*l/C^3 (fci 
x.tf, *H4#rFf& 4103315^^^**3 iWfcBMMWH 5 

014147^-Ki»B#) o L^Ufei&Sfc, y-FeMn^tt 



[0004] LTMn Pt,Mn 

n i om%R}^tim?£}?i>*m®ff% 4io33i5^Kiis?^ 

oSEJM*^**-H>"eft< > *fcN i 0^©$ftti^li 
JtoSfJfcttKS&O 100t;«±eS©iiiifiTT©&&ttft:BI 

[0 005] 

xtfflKSfitfaMBR^©^^ fri? >y -f X©{£^ 
^. 3*«ttfrKfc©SS«IS^*»6fc«>fc«v^e)tfCt 
fct£*©K3£&te#«l3:. *©BAttfcra«i»*>ofc. 
[0006] #3S91I4, r.©i 5 4RBfc#fe-t-5fcit> 
fcfcStifcfc©-?, a>oW£ 
ttlc«*ifcS»«tttfl:K«r«*.fc3Sai«S^it*sJ:iF*© 

[0 0 0 7] 

[||«*/IBfc1-*fc*©#«J8J:tWiffiI 

»/&#M 100 _ x Mn x t?*$*L5S^fi$ttfr 
IKi, r©sa*«ttfrRi:«W»«*n5»«tt#«t 
Srflt*., R»«ttfrRKJ3rt4MI4Fe, Co. Ni, 

pd, p t ^p>s«tufc^*< isa>e>&9, x© 

ttfi, i»ttfl«W©#»iG:#fc*5V*T 40 < xS 60 

#ffitS*fW©ffijfi#t*3V^T 20 =S 40 

[0 008] *%9J©ttft£Siaft**?H:, ±3*©£& 

[0 0 0 9] £IT, *»W*»*lfcRW-*-*. S-f, * 

ioo-x Mn x (MI4F e, Co, Ni, Pd, PtH 
Stf^fc^4< tt> IS) ^P>>t5fc©-C*)?). r.ix6» 
Fe, Co, Ni, PdifcttPtSrMtLTfV^fcM 

T\ x©Mtl, 3ft«ltt{Mtll©#BiS«fcJ8VT 40 < 
60 TffcO. MtSSiWffiififtfcl'^ 20 ^ 
x^ 40 -CfeSo **J, *^P^(C*3^^T x©»fl»HT- 
%£*U fci*.tfffBA5 2nmWrt©4Effl 

*JV^r±j4©ttfflrt-CR»*tt*K©«*SraE*5 r. t 

tSitms. 3ft«ttflcflMI©JMiijS»K:*Jlt6# 

*LV^^I4MiMn©m^H:/i)S l*tl -c*)S„ r.©ffi 
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[0 0 10] 4fc. ^flffl^t^l-CIl, S&tttt 

raP^ftlcSo-C, 20 ^ xS 80 tfJflSfflrttc&^Sft 
5iti55ffSU\ Mirftftfcf, 80 <x ©ijaj&-mM 
ni^^-rfTBfttt^iSTL. *fc x< 20 (DBfiX* 
Ht*-A«*i8S£fi£JlT t ft otSM^f bfrft < 

©SSB rt-CM«tt*R t ©a«#ffia> 5> at fc«v ^ 

#©/h*vv<-^n>r«f«)««agwb*«^», sabs 

«lS8B»*«r*i-fc t *.«F e , Ni. Co ©3&814& 
A. mbro^A-CSbSFe,. N i 100 _ m . Fe.Co 

lOO-m > Fe„ Co„ Ni ioo-m-n ( n. n ©ISMttS 

#tt©(Ri±ir a ft t urn 3 jcsk^ib 4 ytm^mm Lit 

[0 0 11] *<fcU Fe m Co 1(K> , , Fe„ Co n 
N i 100 -« » Fe m Co n Pd 10(Hr , 4i?©CoS 

[0 0 12] *^M{c^fc.2,^14^tS^iStt^ 

[ooi3] *%H©£*u££Mucffifc&iu£SH£© 

«a^*S (MMn) loo _ y Cu y ( 0< y^ 50 ) iftS 

[Bj±-f5„ i^T-MttFe, Co, Ni, Pd> Pt4> 
bm\ititc'pft< bi> 1«&*U MMnlii&lcfcttS 
&/fcfr©iia/&tt±3$©J; 5KM 100 _ X Mn x £*Lfc4§ 



-g\ 20 S x^ 80 ©iWj£8&Bli* s #S LV\ ft*>, y© 

-3to«iP*Tl>J:<, «*S»IUTV^tJ:v\ * 
fc, fc**.tf, 3S*Br&#©IHS, »£ttfai:©«£;3> 
h #ffijfi<£©£*HRI©^tffi W^(oh\z.WlXi ZtiXhX. 

V\, (MMn) 10Q _ y Cu y W0^{d*3V^T, 50 

<y T*ttC u*i»#-t-ff-C+»ftSaWS-&!9S#feixft< 
ft£„ -Hfrfc£StlS£*»5fcfc©#*U^8HH: 0< 
yg 20 ft*5, *»W©5E*B#i«i«i35li 

riaEWffi©S3l«ttfrRtt. (MMn) 100 _ y Cu 
y ( 0< y :S 50 ) ©jjflj£fc:teV*TCu*©^££fl:$ 

[0014] fr*£9iattfNg 
©W¥tt» S!l»ttSr5Sa-r5l5HTr*>iitft<|c:|R3t 

R&&tefrBI©Bll?tfs&B&tt«R©l8II?<fc 9 fcffv^ * 

-CfcSMjoo., Mn x ( 40 ^ x^ 60 ) g&BJttftK 
16nii&T©BOT&^arfc##*U\ 

[0015] *&m<oxm*&mtt. m*&* x*y* 

[0 0 16] 4fc, Sfci LTtt, #7*, tttflgftf© 
#ftK*8tt\ S i> MgO, Al 2 0 3 , #17^7 
hfc £©¥»***, EfaSfc, «BS«Sfc£i<fc 

Sr|Pl±$-a:5fc*(c % g«±£ l~100nm ©ff$©TS& 

*>*itfi:<l!:lSS**iftv^ fciitf, Pd^Ptft 
if^A^JR^C o Z r N b ft if©^f B ^JR> 

[0 0 17] £&{cr©£5ft*38W©£&*S3-Bll£*f 

SrfctxJiCu, Ag, Au, Al^Hbro^-Cl 

[0018] r ©± 5 l^lBWoSaMS'&Rtt. 

[0 0 19] ft*5, ^^©a^ffiJnaftJI^^-K:*^ 

r, s^att*Kt^attfr)Kt©^S^tt^^tt 

{♦cK^ltS^/P^^^^^/^XBfe^lcRP,^ AX 

[0 0 2 0] 

HS60iJl 
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>f7Cffll±t, ilfi^CoFePd-C^tV-S^att 
{fc]g2£ 5nm<7)ff£t-, i&J&aSF e so Mn 50 (50at%F 
e-50at%Mn) X'&&tlZ>R%m&fr1& 3 £ lOnm tf> 
JP£t^ $5jlJ:-€r©±fc|aj*dSF e 65 Mn 35 T?*$*l,5 
R»«ttfWK4Sr 5nn©ff*K:tnjpn8Wt»t?ri«t 
fc. r<7)i:tS«<Djp^l4t <Kfft>**»ofc. #?)tt 
fc^&SS-g-BSico^-C, xME»r-(*iHiA«liftj:«o£l4 
^GtSrH^fci:^ 8**it#Bi>ifctf*3grC. (1 
1 1) BKdbfcit-CfcSifcjSmBSiifc. 
[0 0 2 1] £©Kfc*feict»fc l^TOlLTMf^ 
MSfettSSrfli^fc. *©tt*S:BI 2 02 £9 

/h $ < !J t A/ if JS^: t° y h tiWSt It ?>*l4 tc 0 Jfctfc 

mi t Lxmmmi tmmcum^it i5nmff£»Fe 
50 m n so »^ zBL&f&\i#m k-rz jafte^RKov 

•To IH 2 ± 5 l£J&£ tf f b$S£**tt*«l::*t 
^«ffi$r*i-„ El 3 (a) #*$£ftk @3 (b) #Jt 

$fcflli©*S*-e3>3o jRAtfy MiHot-cKl^-e^b 
fc 0 ^©ipi::, l§ril*»i:S*fcFeMnit«:aJiBt 
ri:fcJ:»> F eMnKroiMtt££:*tII{:tt&$ii, 
Ti^S 5. 
[00 2 2] HJgtSJ 2 

HJgflJ 1 i: n*©*jfeTf 5E»iBr&««:f^» Lfc. - r "C 

tJK^fflillft*|6jbW«i^*ill*l2!4(c^1- 0 r 
Ot#, @4©c©ffitfS£&AWT*fi£# (Hua) £ 
45„ ^BWoSaMt^Rfcfc^T, Fe so Mn 50 <D#. 



[002 3] MMW 3 

CoFePd^ LTIS^dS lOnm (ON 

i 50 Mn 50 *5±tf 5nmC£>N i^Mi^g^ ^;h,^*US£# 

[0024] #fe*tfcSaWS-S-Bt«r«*1'^ lNfFflScfi 

0112 t UTSIife^il iH^df^SUfc 15nm Of$ON 

rt>» rat* 5 mmna.Ltzi^<<Dm-k 

1% »*«r«fl:**fcN iMnKSraiJM! 

£-f3 £ t KJ: 0 N i Mn&©W£teas;MS 

[0 0 2 5] 0IJ£fll4;5»e>IIJfg0!l9 

HJfcfli 1 1 pi«©*ife-c, « i ««ttfl»*s z.xf 
[0026] nbthtc&mm&m&mfc'pic mmtku 

LfcS£*, **tfy htt»£JKttb*wfca»ofc. 4 

lcov^rt>Jt«ffil3*»btfctt«6 tLTlllSWl 4W* 
fcfHKU I^C«t5{-*fi* I Pici^TOBLfc^#<» 

4*J, £ttffl4£JtKffl3 2:*'. 2lSSt*l5iit 
««4i:!js, §HE*«6i:lt««5i:*s, «£0)7iJfctfc 

©»«SraEfl:***:8fJMIi:-rS =. i: £ 9 BS©ifcfctt 

[0 0 2 7] 
[*1] 
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Xttffll 0 

CoFePd^ R&M&ttmt LTHWAS lOnm OF 
e 50 Mn S0 :&«fctf 5nm©F e 63 7 Mn 34 . 3 C u 2 £\ ^ 

&«covvC, X*B#r8ttlli!te-fc©ei*l*ifc*il 
^cir6> tt*«»#BM>SUHII3ire» (ill) B 

[0 0 2 8] r©KSr«*«fU:JkllLTJK*try h35£ 

«»Mic1IUfctt*» JtttM 1 ©»*«-&Btttil*SRHfffe 

£\c&ft Lxm&ti%bX^tc<D\ctt LT, *HJ6«SJW 

SSiCSoTV*. r © .fc 5 fcCu£8sflP?-5 ;:£»;: 
. i 9 F eMnR«!)W*tt***K:5S:***xfc. 
[00 29] mMm 1 1 

ias«8iisi««>*»T?, &mmkmtLxmm 5nm© 

C o F e P d £\ E3&flStt#K£ LXmm& lOnm OF 

esoMnso* 3 ^^ 5nm<D ( F e o.65 Mn o. 35) 100-y c 
u y (7=0,1,2,5,10,15) **l^e*uaRLT3>E* 

SrSl^fc. ^©feSSrlil 5 fc^-f <> HI 5 it) lat%©C 

WO^T^il (Hua) fcflJSHlKJt&L 
T 90 %EiLL£^Lfc. 
[00 30] 3£2fe0)J 1 2 



S^offiBHSrH 6 S«5 fcttBIMt* iifc 

S i frs/^ i!liM6. 7 C»4flW!»-t*vP*i 5nm 
<t 3nm©C oFePd^ £3£B£tt#JK8 (CtlKVAS 1 
Onm O F e so M n so jo J; Xf 5nm©F e 6S Mn 3S £\ #fi£ 
t£*lt9l!:i*lt* SnmCCufc^flWWfl^fc, 
KfiSUkOteltiR lOtLTCoZr N lOnm A 

IRL-fc. $e>K, tillttt, 20/xm ©Cu£JBV\ 
^-KJRl 2fctt 4nmOCoP tBI4rfflV>fc 0 6, 7, 
8, 9, 1 2©J^l£OV>Ttee#*t , J&^£fi : V\ &P> 

^*ttSr#^ L * bid, /n- Ktt 1 2 

[003 1] &bti1zmm&&&b&*ttH-Mfrt>&9t- 

pi*©«&«R8!i** ^ k mn&o'gfe Lfc aw % 

[003 2] 1 3 



LT^Jf^ 10 nmOF e 50 Mn 50 *5iTJ5 
5raOFe 63 7 Mn 34 . 3 Cu 2 frb%Z&mWl&&Rl-t 
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&»43S««^*Sr*b» *»o»*ttK:t>«ft, Z<dX 
5 All t T4 &*xm<D9MBm>Sm* 
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[El 1 ] mmm 1 fc«t>S3J5lMg'&*l©WriSH-e*4. 
[H2] *E**{c l«FB]»cB*nfc3ElftB^K»JBAf 

[04] &*MS&ltoWI&Att#ffla£aMt:BJttt# 

[rJ b ©flS{t;fti»Sr^i-0T?fc5. 
[15] Cu*£«*bfy h*4****i-H"C*>*. 
[HI 6] *»W©»««tt»JMI?-©»riBH"e*>*. 

1 t7r^7CB v 2. 6, 7 

Mk 3, 4. 8 s.mm»». 5 9 

mt&#m. 1 0 nssmttttttii,. 1 1 

ttfc 1 2 KR, 
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